Abstract-Observational results derived from the airborne Cband scatterometer RESSAC looking at small incidence angles (521") were acquired in the vicinity of the Gulf Stream during the Surface Wave Dynamics Experiment in February and March 1991. Although the instrument was primarily designed to study the directional spectra of long waves, it is also possible to process the data to examine the behaviour of the radar cross-section U' versus incidence @ and azimuth 4. 
I. INTRODUCTION
VER the past years, considerable effort has been devoted 0 to the understanding of the behaviour of radar signal backscattered from the ocean surface, in relation with surface winds. Within the framework of satellite missions developed to remotely sense the wind using scatterometry (Seasat, ERS-1. . .), research has been conducted from both theoretical and experimental viewpoints to understand radar backscattered signals. Physical models have been developed and tested against observations [ 11-[4] to represent the backscattered signal (normalized radar cross-section no) as a function of the surface characteristics (spectrum of short surface waves, wind speed and wind direction), for various incidence angles, radar frequencies and polarizations. Because of the model complexity and limitations, and of the difficulty to invert them, an empirical approach was chosen to derive wind speed and direction from the SEASAT and ERS-1 satellites. This empirical approach consisted of fitting coefficients from Manuscript received July 1, 1993; revised January 3, 1994 an analytical function to minimize the difference between scatterometer-derived and "actual" winds [5] - [8] . All these studies have demonstrated that significant unexplained differences still remain between observations and models as well as discrepancies between various empirical models. Indeed, some possibilities have been formulated regarding these limitations such as: inadequate representation of the short surface waves [4] ; influence of low-frequency swell [2] ; wave age [91, and atmospheric stability effects [ 101. Although the Synthetic Aperture Radar (SAR) images often show a backscatter modulation at current boundaries [lo]- [13] , for the same radar frequencies as in the case of scatterometers, a quantitative study has not yet been conducted to investigate the influence of currents and current shear on the scatterometer signal.
In this paper, observations from an airborne C-band scatterometer looking at small incidence angles (< 21") were acquired in the vicinity of the Gulf Stream region during the Office of Naval Research (ONR) and National Aeronautics and Space Administration (NASA) sponsored Surface Wave Dynamics Experiment (SWADE, see [14] ). Although the instrument was primarily designed to study the directional spectra of long waves from 50 to 350 m [15] , it is also possible to process the data to examine the behaviour of the radar cross-section, in relation to the wind and the ocean surface current field.
In Section 11, the experimental conditions (RESSAC characteristics, SWADE experiment) are described. Section I11 describes the RESSAC data processing method used to analyze the radar cross-section behaviour as a function of azimuth angles, and wind speed. The Gulf Stream and Warm Core Ring current fields derived from Airborne expendable Current Profilers [16] , [17] and the AVHRR data are described in Section IV. Section V presents the results concerning the behaviour of the radar cross-section (in particular, its anisotropy versus azimuth) in relation to the location of upper ocean current measurements. The case of March 5 is described in detail, while results from five other days are also given for comparison purposes. Finally, a synthesis of the analysis is presented in Section VI.
EXPERIMENTAL SUMMARY
A. The Airborne Radar "RESSAC"
The airborne radar RESSAC was originally developed in France to participate in the geophysical validation of the ERS-1 Synthetic Aperture Radar wave mode (see [15] for details). The microwave part of the system consists of FMCW (Frequency Modulated Continuous Wave) radar operating in the Cband (5.35 GHz), and horizontal polarization in transmission and reception. The geometric characteristics (incidence angle, beam aperture) were chosen to optimize the measurement of the tilt modulation due to the slope of the long waves. Hence, the transmitting and receiving antennas look at an angle of 14" from the nadir (see Fig. 1 ). The equivalent beam width (at 3 dB) is f 6 . 5 " in the incidence direction (elevation), and f1.7" in the azimuth direction. The antennae have the capability to perform conical scans around the vertical axis (one rotation per minute). The flight altitude is usually chosen to be above 5000 m, to maximize the surface footprint within which the (TO modulations due to the tilt of long waves are analyzed. Typical values of the footprint are 1500 m in the direction of elevation and 375 m in the perpendicular direction for a flight altitude of 6000 m. Because of the FMCW techniques the range resolution is very high (1.5 m). The received signal (power) is analyzed within a distance range of 624 m in 400 range bins. The distance of the first range bin is adapted according to the flight level. The altitude is precisely determined from the radar received power spectrum [15] .
The dynamic range of the received signal is about 40 dB. A set of attenuators is used to adjust the level of the signal within the dynamic range of the receiver. Since no absolute calibration of the system has been achieved in the present configuration, the absolute values of the normalized radar cross-section discussed further are only accurate to within a constant factor of f 3 dB. However, their relative variations are independent of the absolute calibration. The antenna gain pattern measured in laboratory has been checked using observations acquired from flights over comer reflectors [15] . Observations over the ocean have also been used to make small modifications of the antenna gain pattem in the direction of elevation [ 181. To minimize this error due to the uncertainty in the beam pattern, the signal was analyzed within a reduced range of incidence angles limited by the 3 dB aperture in elevation (i.e. from 7 to 21" for a mean incidence angle of 14"). To reduce the noise (in particular the speckle), the power spectra obtained each 6.5 ms are integrated in real-time over 16 samples, which corresponds to a 0.104 s integration time. The time, and aircraft flight parameters (pitch, roll, heading, velocity, drift, latitude, longitude, etc) obtained with an Inertial Navigation System are included within each record containing a radar spectrum.
B. The SurjGace Wave Dynamics Experiment
The jointly sponsored ONR and NASA Surface Wave Dynamics Experiment (SWADE) [ 141 was conducted offshore of the DelMarVa Peninsula along the U.S. East Coast (Fig. 2 ) from October 1990 through March 1991. The objective of this multi-institutional, international field program was to understand the evolving dynamics of the surface wave field and to assess the effect of waves on air-sea fluxes. During the month of February 1991, the Gulf-Stream (GS) moved inshore and a Warm Core Ring (WCR) began to coalesce with the North Wall of the GS in early March. Previous studies [19] , [20] have shown that these upper ocean features frequently occur in the SWADE experimental domain, and have a direct impact on the evolving surface wave spectra and air-sea fluxes.
The six-month experiment included three intensive observation periods when research aircraft and ship operations were conducted in conjunction with the buoy measurements. The Ressac radar was involved during the third intensive period (February 27-March 8, 1991). The objective for flying Ressac was primarily to get the directional wave spectra subjected to different meteorological conditions, and to improve the understanding of the evolution of the wave field. Results concerning this aspect will be published elsewhere. Here, the focus is on results obtained from the analysis of the radar cross-section as a function of incidence and azimuth angles and the possible impact of the GS.
RESSAC OBSERVATIONS

A. Principle of the Data Analysis
Based upon previous studies [21] , [22] , the backscatter at low incidence angles (below typically 10 to 15") is dominated by quasi-specular reflection, whereas Bragg scattering is predominant at larger incidence angles. Additionally an increase in wind speed has opposing effects in the quasi-specular and Bragg domains by decreasing or increasing CO, respectively. Hence, for measurements acquired over a range of incidence angles from 6' < 10" to 6' M 20", a change in wind speed (or in surface roughness) causes a change in the slope of .' (e). One of the parameters studied here is related to this slope (hereafter referred the "pseudo slope variance").
The interest in this approach is that it is independent of the absolute calibration of the radar. The pseudo slope variance could be derived here because of the particular measuring conditions, namely by analysing the backscattered signal with a high range resolution over a footprint of a few hundred meters. Although in the case of wind scatterometry large incidence angles (>30°) are usually chosen, there are cases where smaller incidence angles (520") are used. For example, within the swath of the ERS-1 scatterometer, incidence angles range from 18" to So, which requires the study of go behaviour at low-incidence angles. Therefore, present results focus on the behaviour of go at 20" incidence and the analysis of the pseudo slope variance.
The raw data are energy density profiles of the backscattered signal as a function of distance spanning 400 range bins. The data processing consists in normalizing these profiles to account for altitude and geometric variations (i.e. pitch, roll), and in performing gain corrections within the main beam antenna pattern. The radar equation is:
The following formulation was selected to preserve the similarity with the approach of quasi-specular reflection used with the assumption that the probability density function (pdf) of the surface wave slopes follows a Gaussian distribution. For this formulation, the relationship is:
where 4 is the azimuth angle with respect to the wind direction, v is the slope variance, and B(w) is a parameter varying with v [15] . In (2) the variance ( U ) of the surface wave slope pdf is defined for wavelengths greater than the diffraction limit of the electromagnetic radiation [21], [22] . In the case of an anisotropic pdf of the wave slopes, the slope variance is:
in which +1 is the angle between the look and the upwind direction, and 0 : and 0; are the slope variances in the upwind and crosswind direction, respectively [15] , [24] . Note that if the pdf of the wave slopes is isotropic, then go is no longer a function of 4.
As shown in Fig. 3(a) , the behaviour of [ff0cos46']dB versus tan (6' ) is approximated by a linear rather than quadratic relationship, in contrast to the expected result from (2) . In the context of quasi-specular reflection, such behaviour occurs if the slope pdf is exponential instead of Gaussian. One possible reason for this disagreement with (2) is that quasi-specular approximation is valid for small incidence angles only, which may not be satisfied for the experimental conditions (7" 5 I9 521").
Following an expression similar to (2), a "pseudo-slope variance" (herafter noted s) is defined as being the slope variance of the surface having an exponential pdf, and yielding the same mean value over the incidence range probed by RESSAC (namely 7 5 6' 521") of d[ao cos4 6']dB/d(tan(6')) as found from quasi-specular theory. In practice, the experimental values of [ao~os46']dB are fitted to:
where P, is the received power, Pt the transmitted power, C a constant depending on the specific radar characteristics, G M~, GM, are the maximum gains of the transmitting and receiving antennas respectively, A, , is the electromagnetic wavelength, R is the distance between the radar and the considered range from which the pseudo slope variance is determined from: s = 4.34/(-2Aftan6' + I?'), ( 5 ) 
where the brackets denote the average over the range 7" 5 I9 5 21".
For a constant range of 8, an increase in s reflects a decrease in the slope of ~' ( ( e ) , and consequently an increase in the surface roughness. The scale of roughness described by parameter s ranges from a few tens of centimeters to a few meters for the given electromagnetic wavelength (5.6 cm) and the given range of incidence angle (7" 5 6 521'). If it is assumed that surface roughness for these short waves is only related to the wind, the changes in the pseudo slope variance can be related to the wind variations. Moreover, the analysis of the variations of s with the azimuth angle can be used to examine the anisotropy of the surface roughness. The parameter s was calculated after post-integration of the recorded data. For the conditions used during the SWADE experiment, spectra were recorded every 123 ms, and averaged over 3 consecutive records corresponding to a 369-ms window. Given a scanning speed of one rotation per minute, this averaging process corresponds to a value of the pseudo slopevariance every 2.2".
C. Radar Cross-Section at 20" Incidence
To calculate a' at 20' incidence (herafter a;oo) from the observations, the radar (1) is applied to each range bin to obtain the function a o ( R ) [15] . The modulation of ao due to the tilt of the long waves is filtered from the observations by fitting a linear function to the experimental values of a' (R) . Fig. 3b illustrates the modulation of go due to the tilt of the long surface waves, and the corresponding fitted function. Because R is uniquely related to the incidence angle 6 through cos6 = H / R (where H is the altitude of the radar), this yields ~'(6) from which a!oo is estimated. This procedure is repeatedly applied, as in the case of the parameter s, at intervals of 369 ms, which corresponds to an increment of 2.2" in azimuth.
D. Relationship Between Pseudo-Slope Variance and Wind Speed
The pseudo slope variance s was calculated by averaging data over five antenna rotations, corresponding to a 5 minute interval or a 30 km along-track distance, and plotted versus buoy wind speed (Fig. 4) . The data points are well aligned along a straight line, and the scatter is small: the correlation coefficient is 0.86 and the standard deviation between fitted and observed wind speeds is of the order of 1.3 m s-l. Although this analysis is based upon a limited set of data points, and no account of stability effects other than neutral have been used to estimate the 10-m winds, this result indicates that the pseudo slope variance s can be used to estimate wind speed. The key point is that the method proposed here to estimate wind speed is independent of the absolute calibration of the radar, and can be used from radar observations at low incidence angles in addition to the determination of wave directional spectra.
E. Azimuthal Dependence of the Roughness Due to Short Waves
If the wind is the only mechanism forcing short wave roughness, it is expected that the pseudo slope variance will exhibit a periodic behaviour with respect to the angle between look and wind directions. To examine this issue and the possible ocean current effects, the behaviour of the pseudo slope variance s and of with respect to the azimuth angle are analyzed by least-square fitting the data to a Fourier series: (24), (6b) where 4 is the azimuth angle from North.
and phase (a) of the second harmonic:
These fitted coefficients Az, B2, provide the amplitude (C2) ( 7 4 C2 = ( A ; + B,2)0.5, Q, = tan-l(B~/Az), (7b) Note that the term of first order (A1 cos(4) + B1 sin(4)) has been omitted because it was found to be small as expected from empirical models [8] , and because of its linkage to nonperfect geometric corrections of the mean antenna positions. In fact, corrections were applied to minimize the correlations between the antenna position and s ( 4 ) (or '~!~~(q5)), and after eliminating these correlations, it was found that the first harmonic remained small. However, these corrections do not affect the second harmonic, and the second harmonic coefficients are independent of those associated with first harmonic.
The least-square fit has been applied for each set of data corresponding to 3 rotations of the antenna (3 times 360").
The errors on C2 and Q, (Sc, and Sa, respectively) have been estimated by relating the covariance matrix of the errors of the retrieved coefficients to the covariance matrix of the measurement errors. Assuming that the measurement errors are uncorrelated, and equating the measurement error to the standard deviation A of the fit, one gets observations. The least square fit yields small errors on @ and C2 that is, less than 10% on C2 and of the order of f 5 " on @.
This order of magnitude of the error on C2 is representative of most of the observations, while errors on @ largely depend on the amplitude C,. At some places within the experimental domain, the amplitude of the second harmonic becomes so small that the phase can no longer be analyzed appropriately. Additionally, the deviations from the fit are due to a remaining small amplitude first harmonic. However, the analysis of the entire set of observations indicates that this effect is likely related to non-perfect correction of the antenna position or gain pattern, rather than to a geophysical process. As illustrated in Fig. 6 , it was found from the global set of observations from six different flights, that the coefficients retrieved from the Fourier analysis of the pseudo-slope variance s and of the radar cross-section at 20" incidence a&, were well correlated at a level of 0.85. This indicates that both quantities can be used equivalently to study the behaviour of azimuthal anisotropy of the short waves. The emphasis here will be on the results obtained from the radar cross-section at 20" incidence analysis, because it is a more widely used quantity for scatterometry.
Physically, the amplitude C2 characterizes the degree of anisotropy, while the angle @ corresponds to the direction of maximum roughness. The degree of anisotropy is linked to the difference between the upwind and crosswind slope variances. Previous experimental studies combining radar measurements and in situ wind observations have shown that the degree of anisotropy of the signal increases with wind speed [6] , [7] , [25] due to larger azimuthal variations of short waves (capillarity and short gravity waves) and mean square slope as wind speed increases [26] . This characteristic appears in the empirical models developed to retrieve the wind speed and wind direction from airborne or spaceborne scatterometers [6] , [8] and in several physical models providing a calculated radar cross-section from a prescribed surface description [3] , [271, [281. As shown in Fig. 5 , the amplitude of the harmonic is relatively large (~0 . 7 dB for a,"oo). The phase @ of the second harmonic is nearly the same for both parameters a:00 and s, namely @ =305" for and @ = 300" for s (with the f180" ambiguity). This result agrees with the measurements at the nearest buoy located 18 km from the RESSAC observations, which indicates a wind direction of 302" and a wind speed of about 11 m s-'. Thus, at a location unaffected by the GS, the analysis provides results in agreement with buoy wind IV. CURRENT FIELD On March 5 , 1991, slow-fall Airborne expendable Current Profilers (AXCP' s) and Airborne expendable BathyThermographs (AXBT's) were deployed during a flight from the NASA NP-3A research aircraft [16] , [17] . The AXCP's and AXBT's ( Fig. 7(a) ) provided a high-resolution, threedimensional snapshot of the ocean current and temperature structure in the vicinity of the GS [16] , [17] . Additional measurements of the velocity and temperature structure were acquired from the Research Vessel (RV) Frederic G. Creed in the WCR using an Acoustic Doppler Current Profiler (ADCP) and expendable BathyTennographs (XBT's).
The combined AXCP and ADCP current vectors from 5 March indicated the position of the GS core as well as a WCR located to the northwest of the GS (Fig. 7(a) ). The AXCP measurements along section CC' delineated the area where the 
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WCR was coalescing with the North Wall of the GS whereas the ADCP measurements from the RV Creed were in the WCR. Analyzed near-surface current fields were generated from the regional-scale circulation model "DART' by assimilating sea surface temperatures provided by the AVHRR infrared image. The analysis applied on the 7 March SST field was corrected using the AXCP and ADCP measurements from March 5, shown in Fig. 7(a) . Maximum correlations of the model current field were 0.6 with the observations by shifting the AVHRR-derived grid of surface velocities 20 km to the north [29] . The resulting field ( Fig. 7(b) The RESSAC flight pattem crossed the main current zone, but only the perimeter of the WCR (Fig. 8) . The behaviour of either ago, or s versus azimuth angle has been analyzed from about 17 UTC to 19 : 30 UTC for these positions.
Near the coast (positions West of 74"W), there is a marked anisotropy in azimuth for both s and a$oo as shown in Fig. 9 for position (36.65 N, 74.96 W) . This anisotropy is marked by an amplitude of 0.4 to 0.6 dB for the second harmonic fitted on o$oo (4) with similar behaviour at the other positions near the coast. The anisotropy maxima correspond to a direction of 300 to 330" which is consistent with the observed wind direction of 310" at the Cerc buoy at 17 UTC, and at the Central buoy where the wind shifted from 315 to 280" between 17 an 19 UTC. Note that similar results are found near the coast at the beginning and the end of the flight indicating the relative steadiness of the surface wind conditions within the 2.5 hour flight time interval.
In the region south of the GS core the behaviour of s ( 4 ) and C$~,,(C$) is characterized by the loss of anisotropy of as reflected in a$oo(4) at two different positions (Fig. 10) . The amplitude of the second harmonic is too small for a predominant direction of short-wave roughness to be reliably detected. A similar result was found for the pseudoslope variance s (not shown). The apparent small amplitude first harmonic is likely related to non-perfect correction of the antenna position or gain pattern, instead of a geophysical process. The locations where anisotropy disappears (Cz <0.3 dB) are grouped in a region south of the GS core (Fig. 8) .
One possible explanation for the spatial variation of azimuthal anisotropy may be wind speed variation. However, this interpretation is ruled out based on the observations. Nearly constant winds (6 to 7.5 m s-l) were recorded at the four buoys (Cerc, Central, East, and North), and the mean pseudoslope variance s calculated as an average over 3 antenna revolutions along the flight track, does not exhibit variations which could explain the anisotropy minima ( Fig. ll(a) ). In fact, the mean pseudo slope variance s and the amplitude of the azimuthal modulation are anticorrelated as indicated by a correlation coefficient of -0.47. Thus, wind decrease can not explain the observed anisotropic minima to a first order.
Another possible explanation of the modification of azimuthal anisotropy could be linked to air stability variation which could induce different responses of the short waves to friction velocity variation. However, according to the buoy measurements at Cerc, Central and East, as well as the AXCP measurements, all the Ressac observations East of 75OW correspond to unstable air conditions either within the main core of the GS or within the WCR, with similar air-sea temperature differences of -4 to -6OC. These results suggest that the anisotropic minima are not explained by a wind speed or air stability effect. Finally, it is apparent that the boundary between anisotropic points and isotropic points occurs in the vicinity of the Gulf Stream core and south of it (Fig. 8) . Since wind direction is from the northwest, the results indicate an anisotropic minimum located downwind of the main stream.
B. Cases of 4 and 7 March
In a similar manner the RESSAC data have been analyzed for March 4 and 7, when the wind was blowing off-shore from Northwest, as for the March 5 case. For these days, the observations were located within the WCR (Fig. 12) . A minimum in the anisotropy was located within the WCR, and essentially downwind of the highest current speeds in the WCR. In both cases (March 4 and 7), the decrease of the anisotropy on &&,,($) occured in a region of higher wind speeds: an increase of wind speed from 5 to 10 m s-l was observed on the March 4, between buoys Central and East, while on the March 7, the wind speed was about 6 m s-l near buoy Central and reached 10 to 11 m s-l near buoys East and North. Moreover, the correlation between the amplitude of azimuthal modulation CZ and the mean pseudo-slope variance s (Fig. 1l(a) ) is either very weak (correlation coefficient = 0.05 on March 7), or negative (March 4), which confirms the lack of relationship in these cases between isotropic behaviour and wind speed minima. Again, it appears that a wind speed decrease cannot be invoked to explain the anisotropic minima. Similarly, the disappearance of the anisotropic behaviour does not seem to be correlated with air-sea temperature differences ( A T ) or stability effects. For both March 4 and March 7, in the area of buoys Central and East, the atmosphere was unstable (AT sz -2 to -7"). Thus, both cases seem to be similar to the case of March 5, in the sense that the anisotropic behaviour was not linked to either wind speed variations or air stability effects. The isotropic behaviour tended to occur downwind of the largest current speeds, and their gradients.
C. Cases of February 27, March 2 and 6
While there were no overflights of the core of the GS, the flights sampled the region of the WCR sampled on March 4 and 7 (Fig. 13) . For these cases, no organized minima of azimuthal anisotropy is found. In contrast to the cases of March 4, 5 , and 7, a positive correlation is found between the amplitude of the azimuthal modulation CZ and the mean pseudo slope variance ( Fig. 1 l(b) ). Although the correlation coefficients are not all high (0.71, 0.36, 0.68 for February 27, March 2, and 6, respectively) this result indicates that the azimuthal anisotropy increases with wind speed, which conflicts with the cases of March 4, 5 , and 7. With respect to these latter cases, one difference lies in the wind direction which was from the west (270 to 300") on February 27, from the southwest on March 2 and variable on March 6, ranging from southeast to south. One possible explanation for the apparent lack of current effects in the cases of February 27, March 2 and 6, may be that the locations of the RESSAC measurements are not downwind of the large current speeds. Thus, wind variations effects appear to dominate the behaviour of the anisotropy of short waves while perturbations by the current field are not apparent.
VI. CONCLUSION
The analysis of observations performed with the airbome scatterometer RESSAC during six days in the vicinity of the Gulf Stream was documented. Two key parameters as a function of the azimuthal look direction (with respect to the north) were determined: the value of BO at 20" incidence, and the so-called "pseudo-slope variance", which is inversely proportional to d[ao cos4 O]d,/d(tan(O)) averaged over the incidence range ( 7 5 0 521'). Although physical or empirical models of ~~( 6 , 4) predict that the anisotropy of no increases with wind speed for a given incidence angle 6, it is found here that under some conditions, this behaviour does not occur. By contrast, it is found that the anisotropy shows strong minima on three occasions (March 4, 5, and 7) in the absence of wind speed decrease or modification of the atmospheric stability condition. These three cases are associated with offshore winds. Given the current field deduced by combining satellite analysis and in situ current measurements, regions of anisotropic minima could be localized just downwind of the GS current core or of the WCR's maximum current speeds. By contrast, on three other days (February 27, March 2 and 6), the observations were not localized downwind of the highest current speeds. There was not any clear anisotropic minima in the observations. In these cases, wind variability dominated the variation of the degree of anisotropy. Thus, it is concluded that downwind of high current speeds, the azimuthal distribution of the short waves may have been affected by the current.
According to [30] , the dynamics of the waves in a moving medium will be influenced by the current shear. One physical mechanism is that the current shear modifies the azimuthal distribution of the short waves through the radiation stress, to compensate for the energy exchange between current and waves. However, from the present results, it appears that the regions of suppression of the anisotropic behaviour are not confined to the shear current zone which is very localized. Statistics of wave breaking are also modified by the current, and modification of the breaking statistics may induce an azimuthal spreading of the short waves. Another possible reason may be the effect of current and wind on the distribution of surface natural slicks. Local high concentration of slicks modify the characteristics of the capillarity waves acting as scatterers as it is the case for artificial slicks [26] and consequently perturb the radar cross-section behaviour. These ideas should be checked by analyzing other experimental cases combining radar, current, wave characteristics and biological analyses.
Irrespective of the physical mechanism, this study shows that care must be exercised when analyzing airbome or spacebome radar measurements in the vicinity of strong current regimes such as the GS and a WCR. Several authors have already shown examples of images recorded by Synthetic Aperture Radars in the vicinity of strong surface currents. These images often consist of marked discontinuities in the radar cross-section [lo]-[ 131 which are usually interpreted in the literature as variations of the friction velocity due to variation of the atmospheric stability at the oceanic frontal discontinuity. Here such discontinuities in the radar cross-section itself were not found, probably because of the low incidence angles. Only the decrease of the anisotropy of the signal versus azimuth angle was obvious on three occasions. This change in the azimuthal dependence of the signal is an important result with regards to the retrieval of wind vectors from the ERS-1 wind scatterometer, which uses incidence angles from 18 to 55". Although the footprint of such observations is much larger than in the present case, azimuth variation of the radar crosssection near 20" incidence may also be affected by current effects. Moreover, the results limited to 20" in incidence do not exclude the same kind of effects at larger incidence angles. A recent study [31] mentions that the wind retrieval algorithm fails in regions identified as cold rings and in the vicinity of the Gulf Stream region. A systematic aircraft-based study of radar cross-sections and retrieved versus actual winds in such current regimes would be valuable to thoroughly examine the effects of the ocean current, current shear and temperature gradient on the wind-scatterometer signal and the retrieved winds. Such technological capabilities now exist to improve our understanding of these complex processes.
